Abstract. Nowadays target tracking has become a hot issue of indoor positioning in the military or civilian areas. Due to the nonlinear characteristics of the indoor environment, there exist some difficulties in indoor tracking scheme. In this paper, we proposed an indoor tracking algorithm based on particle filter. RSS values were severed as the observed values and the naive Bayesian algorithm was used to collect RSS samples for estimating the probability density distribution as a location fingerprinting in our proposed algorithm. Then a system of track model was created. Moreover, particle filter was introduced in order to process positioning error which was brought by system noise and observation noise and solve tracking problems of mobile terminal. Experimental results show our algorithm achieves great accuracy and robustness in tracking trajectory aspect and performs better than the tracking algorithm using Kalman filter.
The key idea is that the required posterior probability distribution can be represented by a set of random particles associated with their weights. Moreover, the larger the number is, the closer the particle filter approaches the optimal Bayesian estimation. Due to the non-parametric characteristics, it breaks the constraint of Gaussian distribution which random variables must follow to solve the problem of nonlinear filtering. So it also works well in non-linear and non-Gaussian systems.
The paper is organized as follows. Section II describes the state-space model including the movement model and the observation model. In section III, the tracking algorithm based on particle filter is introduced. Section IV gives the results and analysis of the simulation. Finally, conclusions of this paper are presented in section V.
State-space Model
Movement Model. On the premise of tracking the mobile terminal, firstly the movement of the mobile terminal should be described with the motion model. It is assumed that the mobile terminal moves in the two-dimensional plane and the samples are taken each T seconds. Then the state equation can be written as 2 1 ,~(0, )
Where ( , , , ) 
Observation Model.
In most WLAN indoor positioning algorithms, the RSS is not Gaussian so that the RSS may not be mapped into the probable location and tracking performance may be worse. So the observation model describing the relationship between the RSS and the location is presented as ( , ) 
Indoor Tracking Algorithm Based on Particle Filter
Particle filter makes the combination between both observation and prediction and makes use of the sequential importance sampling (SIS) procedures, where the importance distribution is selected as 0:
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The posterior probability could be presented as
Where i k w is updated by
Then the state vector k X could be estimated as
So the tracking algorithm based on particle filter can be described as follows.
Step Step 2: Particle Sampling When the mobile terminal moves from time k-1 to time k, the particles also spread at the same time. With the sequential importance distribution (3), the current state is sampled, Step 4: State estimation
The optimal solution is estimated by the particles at time k,
Step 5: Re-sampling
Particles are re-sampled by the probability
The particles of small weight are removed.
In order to maintain a balance of the number of particles, the normalized weight turns to~1
where i a is the re-sampling number of the corresponding particle i x .
Step 6: Artificial Immunization The diversity of particles must be lost because of multiple re-sampling. So the artificial immune method exactly solves that problem. In that method, the particles with high weight are increased and varied. That is to say the re-sampling particles are varied with Gaussian mutation. The variation formula is x is the re-sampling particle , ε is the variable coefficient of
and n is a Gaussian variable with the mean of 0 and the variance of 1.
Step 7: Do that k = k + 1 and return to the step 2.
Experiment Results Analysis
To evaluate the performance of particle filter algorithm compared to Kalman filter algorithm, a laboratory is selected to carry out the experiment as in Figure 1 . In the indoor environment, the rectangular area of 50m * 40m is equally divided into 50 * 40 small regions and four APs are deployed. Table 1 . This paper also mentions the artificial immunization, where ε is selected to be a proper value, because Low value of ε may lead to the lack of particle diversity. In contrast, the particles are eliminated due to low weights. So we choose different values of ε to conduct the environment.
Supposed that the system noise v σ =3, the result is shown in Table 2 . In this paper, the tracking accuracy based on particle filter is also dependent on the number of particles. Therefore, experiments are made when the number of particles is taken from 300 to 700 at the interval of 100. The result is shown in Table 3 and it is obvious that it has a better positioning performance when the number of particles is 600. 
Conclusion
In this paper, the indoor tracking system based on particle filter with a proper variation coefficient has a more precise positioning performance than the previous positioning systems based on Kalman filter. In addition, the selection of the particles number in particle filter also has an important influence on the tracking. The experiment shows that positioning accuracy is greatly improved when the number of particles is 600, even though a little timeliness is reduced. In conclusion, our algorithm achieves great accuracy and robustness in tracking trajectory aspect and performs better than the tracking algorithm using Kalman filter.
